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(54) Optical link tor the transmission of a RF signal eliminating distortions 



(57) An optical link is described for transmission of 
an RF signal using an optical f iber having opposing ends 
and configured such that unwanted distortion signals 
are produced when optical signals pass through the op- 
tical fiber At least first and second optical signals are 
transmitted through the optical fiber, where the optical 
signals have been modulated with an RF signal in such 
a way that a predetermined relationship is produced be- 
tween the RF signals modulated on the f irst and second 



optical signals. At the opposing end of the optical fiber, 
a receiving arrangement receives the modulated first 
and second optical signals including the unwanted dis- 
tortion signals produced during the transmission 
through the optical fiber. The receiving arrangement 
then regenerates the RF signal from the modulated first 
and second optical signals while causing the unwanted 
distortion signals to be canceled based on the predeter- 
mined relationship between the RF signals modulated 
on the first and second optical signals. 
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Description 
BACKGROUND OF THE INVENTION 



[0001 ] The present invention relates generally to high 
performance optical links and, more particularly, to an 
optical link that utilizes optical carriers transmitted using 
a single transmission medium such as an optical fiber 
in a way which substantially eliminates unwanted dis- 
tortion signals accumulated during the transmission 
process. 

[0002] Optical links early in the development of com- 
munication systems using a light transmission medium 
such as : for example, an optical fiber were based on a 
single optical carrier of a specific wavelength. FIG. 1 il- 
lustrates one such example. An optical link, generally 
indicated by the reference number 10, shown in FIG. 1 
utilizes an optical light source 12 of a selected wave- 
length X y to produce an optical carrier 14. The specific 
wavelength was chosen to fall within one of the trans- 
missive windows in the typical optical fiber absorption 
spectrum. An RF signal 1 6 is modulated onto the optical 
carrier 1 4 using a modulator 18. A modulated optical sig- 
nal 20 is then directed into an optical fiber 22. Optical 
devices, such as an optical amplifier 24, may be spliced 
into optical fiber 22. Modulated optical signal 20 is re- 
ceived at the other end of optical fiber 22 by a receiver 
26, and, thereafter, the RF signal is regenerated as an 
RF out signal 28. 

[0003] While prior art optical link 1 0 is generally suited 
to its intended purpose, a number of disadvantages 
have been discovered. The main disadvantages of the 
single wavelength, single fiber optical link are its rela- 
tively limited data capacity and significant data signal 
degradation. This degradation is due at least in part to 
optical carrier intensity attenuation and/or composite 
second order (CSO) noise accumulation during trans- 
mission through the optical fiber. 
[0004] One prior art approach in an attempt to im- 
prove data transfer uses multiple optical carriers. How- 
ever, in an optical link, the number of distinct sets of data 
which can be transmitted through a single optical fiber 
on multiple optical carriers is limited by the fact that, if 
portions of the RF signals modulated onto the optical 
carriers overlap, those portions will cancel each other 
and result in crosstalk, or significant reductions in the 
data fidelity. Hence, only a limited number of distinct da- 
ta can be transmitted using this optical link scheme. 
Moreover, when optical amplifiers are inserted into the 
transmission medium in an attempt to alleviate the at- 
tenuation problem, the accumulated noise is amplified 
along with the optical carrier. For this reason, the carrier- 
to-noise (CNR) ratio is not improved with the addition of 
optical amplifiers in a single wavelength, single fiber op- 
tical link or in a multiple wavelength, single fiber optical 
link. 

[0005] Another prior art attempt in resolving the fore- 
going problems has been to use a modulator having du- 
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al outputs dir3^Tinto two optical fibers. Now referring 
to FIG. 2, this dual fiber optical link is generally indicated 
by the reference number 30. In this dual fiber optical link 
30, as in previously described single wavelength, single 
5 fiber optical link 10, single laser source 12 is used and 
single optical carrier 1 4 is directed into a modulator 32 
However, optical carrier 14 is split into first and second 
optical signals 34 and 36 after RF modulation signal 18 
is encoded thereon. Modulator 32 is designed such that 
10 RF modulation 1 8 on first optical signal 34 and RF mod- 
ulation 1 8 on second optical signal 36 emitted at the out- 
put ports 1 and 2, respectively, have a predetermined 
relationship. For example, the RF modulation on first op- 
tical signal 34 and the RF modulation on second optical 
»* signal 36 can be manipulated to be 1 80° out of phase 
at the two output ports of modulator 32. Note that optical 
signals 34 and 36 at the output ports 1 and 2, respec- 
tively, are of the same wavelength while the R F modu- 
lation on first optical signal 34 is the exact reciprocal of 
20 the RF modulation on second optical signal 36. There- 
fore, unless optical signals 34 and 36 are transmitted on 
two separate optical fibers38 and 40, the RF modulation 
on optical signals 34 and 36, being exactly out of phase, 
will cancel out and the encoded information will be lost! 
25 [0006] Still discussing dual fiber optical link 30 shown 
m FIG. 2, at the receiving end of optical fibers 38 and 
40, the RF modulation signals, as affected by the noise 
accumulation during transmission, are recovered from 
optical signals 34 and 36 by separate detectors 46 and 
30 48, respectively. The CSO on each of the two recovered 
RF signals is in phase with respect to one another since 
the noise was accumulated during the transmission 
process, while the RF signals themselves are 180" out 
of phase, as dictated by the characteristics of modulator 
35 32. Recovered RF signals 50 and 52 are combined us- 
ing a 180° combiner, in which one of the recovered RF 
signals, as affected by the noise accumulation, is sent 
through a 180° phase compensator (not shown) then 
added to the other recovered RF signal, also as affected 
to by the noise accumulation, such that the CSO on the 
two recovered RF modulation signals is now 180* out 
of phase so as to substantially cancel when added. Fur- 
thermore, the recovered RF signals themselves are in 
phase as a result of the 1 80° phase compensator. Thus 
« the total RF signal at the destination is increased by a 
factor of two as compared to single wavelength, single 
fiber optical link 10. As a result, the CNR of dual fiber 
optical link 30 improves by 3dB. 
[0007] Although the CSO problem has been reduced 
50 abovementioned dual fiber optical link 30 has a draw- 
back in that two separate optical fibers 38 and 40 are 
required for the transmission of each data set. Two fib- 
ers may not be available for use between all data sourc- 
es and receivers, and this fact will add to the infrastruc- 
55 ture cost of using the dual fiber approach. With regard 
to proper operation of dual fiber optical link 30, a further 
problem is posed in the system architecture because in 
this case two matching sets of optical components are 
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necessary between the data source and the destinat.on. 
Such matching sets of optical fibers, optical ampW.e« 
and receivers may simply be unavailable. Moreover he 
cost of building an optical communication infrastructure 
using this two fiber optical link is nearly twice as the cost 
of a single wavelength, single fiber optical link. 
r00081 The present invention utilizes a highly advan- 
tageous and heretofore unseen optical link configura- 
tion and associated method using a single transm.ss.on 
medium which overcomes the foregoing ^ ,0 " s r a M n £ 
disadvantages while still improving the CSO and CNR 
performance of the optical link. 

SUMMARY OF THE INVENTION 

10009] As will be described in more detail hereinafter 
there is disclosed herein a high performance optical link 
and associated method for transmission of an RF s.gna 
using a single transmission medium, such as an optical 
f iber having opposing ends and conf igured such that un- 
wanted distortion signals are produced when optca sig- 
nals pass through the optical fiber. At one end of the 
optical fiber, the optical link includes means for trans- 
mitting first and second optical signals through the op- 
tical fiber. The optical signals have been modulated with 
the RF signal in such a way that a predetermined rela- 
tionship is produced between the RF signals modulated 
on the first and second optical signals. The opposing 
end of the optical fiber is equipped with an arrangement 
for receiving the modulated first and second optical sig- 
nals includingthe unwanted distortion signals produced 
during transmission through the optical fiber, and for re- 
generating the RF signal from the modulated first and 
second optical signals while causing the unwanted dis- 
tortion signals to be canceled based on the predeter- 
mined relationship. 

BRIEF DESCRIPTION OF THE DRAWINGS 



ro010l FIG. 1 is a block diagram of a prior art optical 
link which uses one light source of a single wavelength, 
one optical fiber as the transmission medium and one 
receiverforthe detection and decoding of the RF signal. 
rO011l FIG 2 is a block diagram of another pnor art 
optical link which uses a dual fiber method to transmit 
the RF signal on two optical earners through two optical 
f ibers Upon detection at two receivers, the received sig- 
nals are added in such a way that the RF signal is re- 
generated while the unwanted distortion signals accu- 
mulated during transmission through the optical fibers 

are canceled. 

rO012l FIG. 3 is a block diagram of a high performance 

optical Unmanufactured in accordance with the present 

invention shown here to illustrate an embodiment using 

optical carriers of two wavelengths, a wavelenthg-d.vi- 

sion multiplexer and a wavelength-division demult.plex- 

[001 3] FIG. 4 is a block diagram of an alternative high 



performance optical link also manufactured in accord- 
ance with the present invention shown here to illustrate 
an embodiment using a time-division multiplexer and a 
time-division demultiplexer. 

DETAILED DESCRIPTION OF THE INVENTION 

[0014] Attention is now directed to FIG. 3, which illus- 
trates one implementation of a high performance optical 
w link generally indicated by the reference number 60 and 
manufactured in accordance with the present invention^ 
Optical link 60 includes two optical light sources 62 and 
64 which emit first and second optical carriers 66 and 
68 at first and second optical wavelengths h„ and Xa, 
is respectively. First and second optical carriers 66 and 68 
are combined using a combiner 70, and directed to the 
input port of a Mach-Zender (MZ) modulator 74. RF sig- 
nal 75 on which the original information to be transmit- 
ted is encoded, is modulated onto combined optical car- 
20 rier 72 at MZ modulator 74 such that first and second 
optical signals 76 and 78 are produced at the output 
ports 1 and 2 of MZ modulator 74. First and second op- 
tical signals 76 and 78 each contain both f irst and sec- 
ond optical carriers 66 and 68 with optical wavelengths 

25 Jl, , and ^2- _ 

[001 5] First and second optical signals 76 and 78 are 
modulatedby the same RF signal 75, however, MZ mod- 
ulator 74 is designed to produce a phase difference of 
180° between the RF signal modulated onto first optical 
30 signal 76 and the RF signal modulated onto second op- 
tical signal 78. In other words, at the two MZ modulator 
output ports, the RF signal modulated onto first optical 
siqnal 76 is the exact complement of the RF signal mod- 
ulated onto second optical signal 78. The phase of the 
35 RF signal modulated onto first optical signal 76 is indi- 
cated as [A], and the phase of the RF signal modulated 
onto second optical signal 78 is indicated as [B]. Optical 
signals 76 and 78 at the MZ modulator output ports are 
marked with wavelength indications X n , and ^ to signify 
40 that both of these optical wavelengths are present at 
each MZ modulator output port. 
[0016] Continuing to refer to FIG. 3, first and second 
optical signals 76 and 78 are directed into first and sec- 
ond input channels 80 and 82, respectively, of a wave- 
45 length division multiplexer (WDM) 84. WDM 84 is de- 
signed to select f irst optical carrier 66, with optical wave- 
length X v and phase [A], from first optical signal 76 at 
first input channel 80 and to select second optical carrier 
68 with optical wavelength ^ and phase [Bl, from see- 
so ond optical signal 78 at second input channel 82. Then 
WDM 84 combines.the selected optical signals 76 and 
78 into a multiplexed signal 86 and transmits multi- 
plexed signal 86 at an output channel 87. As a result, 
multiplexed signal 86 contains first optical carrier 66, 
55 with optical wavelength X, , and phase [A], and second 
optical earner 68, with optical wavelength X* and phase 
[B] First and second optical carriers 66 and 68 have the 
same RF signal modulated thereon but with a phase dif- 
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the RF signals on the two op- 



ference of 180° betw 
tical carriers. 

[0017] Multiplexed signal 86 from output channel 87 
of WDM 84 is directed into a single optical fiber 88 Un- 
wanted distortion signals are accumulated on the mul- 
tiplexed signal during transmission through optical fiber 
88. As in prior art optical links 1 0 and 30, additional op- 
tical dev.ces, such as optical amplifiers (not shown) 
may be inserted into optical fiber 88. However, it should 
be noted that, from output channel 87 of WDM 84 to a 
demultiplexing WDM 90 to be described hereinafter on- 
ly a single continuous transmission medium is required 
unlike the prior art shown in FIG. 2. 
[0018] At the opposing end of the optical fiber multi- 
plexed signal 86 is directed into an input channel 89 of 
a demultiplexing WDM 90. Demultiplexing WDM 90 sep- 
arates multiplexed signal 86 into a first optical carrier 
91 , with optical wavelength X, , and phase [A], and a sec- 
ond optical carrier 92, with optical wavelength Pu and 
phase [B]. Separated optical carriers 91 and 92 exit from 
demultiplexing WDM 90 at first and second output chan- 
nels 93 and 94, and are then directed to first and second 
receivers 96 and 98, respectively. RF signals 100 and 
102, including the unwanted distortion signals, modulat- 
ed on the separated first and second optical earners 91 
and 92 are recovered by first and second receivers 96 
and 98, respectively. Recovered RF signals 100 and 
1 02 are then recombined using a 1 80» combiner 1 06 in 
which the phase of one of the recovered RF signals in- 
cluding the unwanted distortion signals, is shifted' by 
1 80» and the resulting phase shifted RF signal is added 
to the other, unshifted RF signal. The unwanted distor- 
tion signals accumulated on the phase shifted and un- 
shifted RF signals then become 180° out of phase and 
thus cancel when added. Furthermore, the RF signals 
with the ongmal information encoded thereon are 
brought back in phase by a 1 80° combiner 1 06, thus the 
ongmal RF signal is regenerated. As a result, the CNR 
improves by 3 dB compared to the prior art shown in 
MB. 1 , andthe CSO improvement will be between 6and 
1 2 uB. 

[0019] It should be noted that the technique of the 
present invention can be achieved in other configura- 
tions such as, for example, one which uses a single light 
source and one transmission medium while incorporat- 
ing the unwanted distortion signal cancellation scheme 
Such an example is illustrated in FIG. 4, and the config- 
uration is generally referred to by the reference number 

[0020] As can be seen in FIG. 4, a single light source 
132 emits an optical carrier 134 with wavelength 
which is directed into a modulator/splitter 136. An RF 
signal 138 is modulated onto optical carrier 134 which 
is then split into two optical signals 140 and 142 with a 
180" phase difference produced between optical siq- 
nals 140 and 142 at the modulator output Ports 1 and 
2. Optical signals 140 and 142 on which RF signal 138 
have been modulated with phase [A] and phase [B] re- 



spectively, are^Fi directed into a time-division multi- 
plexer (TDM) 148 which splits optical signals 140 and 
1 42 into smaller information packets that are sent out of 
aTDM outputport 1 50 in an alternating, sequentialman- 
ner as a time-multiplexed signal 152, as shown sche- 
matically in FIG. 4, through a single optical fiber 1 54 As 
in the case of the optical link shown in FIG. 3. optical 
devices such as an optical amplifier 156 may be spliced 
into optical fiber 154. H 

W [0021 ,1 P 0ntiniJin9 10 refer to F,G 4, time-multiplexed 
signal 1 52 is received at the opposing end of optical fiber 
154 by a demultiplexing TDM 160 which reconstructs 
optical signals 140 and 142 from the received time-mul- 
tiplexed signal 152. The RF signals including the un- 
wanted distortion signals are recovered from optical sig- 
nals 140 and 142 using first and second receivers 162 
and 1 64, respectively. The resulting RF signals 1 66 and 
168 are added using a 180* combiner 170. As in the 
earlier embodiment of the invention illustrated in FIG 4 
the unwanted distortion signals then become 180° out 
of phase and thus cancel when added. The RF signals 
are brought back into phase by the 180» combiner re- 
sulting in regeneration of the original RF signal. As in 
the case of the embodiment of the invention described 
earlier, theCNR improves by 3 dB comparedto the prior 
art shown in FIG. 1. and the CSO improvement will be 
between 6 and 12 dB. 

[0022] Since the optical link and associated method 
disclosed herein may be provided in a variety of different 
configurations and the method may be practiced in a va- 
nety of ways, it should be understood that the present 
invention may be embodied in many other specific ways 
without departing from the spirit or scope of the inven- 
ion. Therefore, the present examples and methods are 
to be considered as illustrative and not restrictive, and 
the invention is not to be limited to the details given here- 
in but may be modified within the scope of the append- 
ed claims. 
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Claims 



1. An optical link fortransmission of an RFsignal using 
an optical fiber having opposing ends such that un- 
wanted distortion signals are at least produced be- 
tween said opposing ends when optical signals 
pass through the optical fiber, said optical link com- 
pnsing: 



so 



55 



a) means at one end of said optical fiber for 
transmitting through said optical fiber from one 
end at least first and second optical signals 
where said first and second optical signals have 
been modulated with said RF signal in such a 
way that a predetermined relationship is pro- 
duced between the RF signals modulated on 
said first and second optical signals; and 

b) an arrangement for receiving at the opposing 
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end of said optical fiber the modulated first and 
second optical signals including said unwanted 
distortion signals produced during transmission 
through said optical fiber, and for regenerating 
the RF signal from said modulated first and sec- 5 
ond optical signals while causing said unwant- 5. 
ed distortion signals to be canceled based on 
said predetermined relationship. 

An optical link for transmission of an RF signal using 
an optical fiber having opposing ends such that un- 
wanted distortion signals are at least produced be- 
tween said opposing ends - when optical signals 
pass through the optical fiber, said optical link com 
prising: 



15 



a) at least two light sources which emit first and 
second optical carriers at first and second op- 
tical wavelengths, respectively; 

b) an arrangement for producing first and sec- z° 
ond optical signals such that each of the first 6 
and second optical signals includes the first and 
second optical carriers and said RF signal in a 
way which produces a predetermined relation- 
ship between the first and second optical sig- 25 
nals; 

c) transmission means for selectively multiplex- 
ing certain portions of the first and second op- 
tical signals to produce a multiplexed signal and 
for introducing the multiplexed signal into one 30 
end of said optical fiber; and 

d) at the opposing end of said optical fiber, an 
arrangement for receiving the multiplexed sig- 
nal including said unwanted distortion signals 
produced during transmission through said op- 35 
tical fiber and for recovering from the received 
multiplexed signal said first optical carrier af- 
fected by said unwanted distortion signals and 
having said RF signal modulated thereon and 
said second optical carrier affected by said un- 40 
wanted distortion signals and having said RF 
signal modulated thereon and, thereafter, for 
using the modulated RF signals including said 
unwanted distortion signals obtained from the 
modulated first and second optical carriers in «5 
away which regenerates the RF signal based 
on said predetermined relationship while caus- 
ing said distortion signals to be canceled. 

3. The optical link of Claim 2 wherein said optical sig- so 
nal producing arrangement includes a polarization- 
maintaining combiner which combines the first and 
second optical carriers for use in producing the first 
and second optical signals. 

55 

4. The optical link of Claim 3 wherein said optical sig- 
nal producing arrangement includes a Mach- 
Zender modulator for modulating the RF signal onto 



the combined first and second optical carriers and 
for producing the first and second optical signals in 
a way which produces said predetermined relation- 
ship between the first and second optical signals 

The optical link of Claim 2 wherein said predeter- 
mined relationship between the first and second op- 
tical signals is a phase relationship such that the 
modulated RF signal on the first optical carrier is 
1 80° out of phase with respect to the modulated RF 
signal on the second optical carrier and the modu- 
lated RF signals obtained from the first and second 
optical signals are combined by said recovering ar- 
rangement using an additional 180° phase shift 
such that the modulated RF signal from the first op- 
tical carrier adds with the modulated RF signal from 
the second optical carrier while the additional 1 80° 
phase shift causes the distortion signals from the 
first and second optical carriers to cancel. 

The optical link of Claim 5 wherein said transmis- 
sion means includes a wavelength-division multi- 
plexer having first and second input channels and 
an output channel, said wavelength division multi- 
plexer being configured for extracting the first opti- 
cal carrier from the first optical signal at the first in- 
put channel and for extracting the second optical 
carrier from said second optical signal at the second 
input channel as said certain portions of first and 
second optical signals, such that said multiplexed 
signal at the output channel contains only the first 
and second optical carriers having said predeter- 
mined phase relationship. 

7. The optical link of Claim 2 wherein said predeter- 
mined relationship between the first and second op- 
tical signals is a phase relationship such that the 
modulated RF signal on the first optical carrier is 
1 80° out of phase with respect to the modulated RF 
signal on the second optical carrier and wherein 
said receiving arrangement includes a demultiplex- 
er for separating the first and second optical carriers 
from said multiplexed signal into first and second 
optical output signals such that the first optical out- 
put signal includes said first optical carrier and the 
second optical output signal includes said second 
optical carrier, while maintaining the phase relation- 
ship between the modulated RF signals forming 
part of each of said first and second optical carriers 
within the first and second optical output signals. 



8. The optical link of Claim 7 wherein said receiving 
means includes means for converting the modulat- 
ed RF signals forming part of said first and second 
optical output signals into first and second RF out- 
put signals, while preserving the phase relationship 
between the modulated RF signals, and wherein the 
modulated RF signals are combined using combin- 
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ing means for inveTffng the phase of one of the mod- 
ulated RF signals and adding the inverted modulat- 
ed RF signal to the other one of the modulated RF 
signals. 

9. The optical link of Claim 8 wherein said receiving 
means includes a phase compensator configured 
for introducing an additional 1 80° phase shift to the 
modulated RF signal on one of said optical output 
signals such that the modulated RF output from one 
of the optical output signals is brought into phase 
with the other one of said optical output signals 
while said unwanted distortion signals on one of the 
optical output signals is forced substantially out of 
phase with respect to said unwanted distortion sig- 
nal on the other one of said optical output signals 

10. A method of transmitting an RF signal using an op- 
tical fiber having opposing ends such that unwanted 
distortion signals are at least produced between 
said opposing ends when optical signals pass 
through the fiber, said method comprising the steps 
of: 

a) transmitting through said optical fiber from 
one end at least first and second optical signals 
where said first and second optical signals have 
been modulated with said RF signal in such a 
way that a predetermined relationship is pro- 
duced between the RF signals modulated on 
said first and second optical signals; and 

b) receiving at the opposing end of said optical 
fiber the modulated first and second optical sig- 
nals including said unwanted distortion signals 
produced during transmission through said op- 
tical fiber and regenerating the RF signal from 
said modulated first and second optical signals 
while causing said unwanted distortion signals 
to be canceled based on said predetermined 
relationship. 



11 



A method of transmitting an RF signal using a wave- 
length division multiplexer including first and sec- 
ond input ports matched to first and second optical 
wavelengths, respectively, and an output port, and 
further using an optical fiber having opposing ends 
such that unwanted distortion signals are at least 
produced between said opposing ends wh en optical 
signals pass through the fiber, said method com- 
prising the steps of: 

a) emitting first and second optical carriers hav- 
ing said first and second optical wavelengths, 
respectively. 

b) producing first and second optical signals us- 
ing the first and second optical carriers and the 
RF signal in a way which provides a predeter- 
mined relationship between the first and sec- 
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ond d^al signals and so that each of the first 
and second optical signals includes the first and 
second optical carriers having said RF signal 
modulated thereon; 

c) selectively multiplexing certain portions of 
the first and second optical signals using said 
wavelength division multiplexer to produce a 
multiplexed signal and then introducing the 
multiplexed signal from the wavelength division 
multiplexer into one end of said optical fiber; 

d) at the opposing end of said fiber, receiving 
and recovering said first optical carrier having 
said RF signal modulated thereon as affected 
by the unwanted distortion signals and said 
second optical carrier having said RF signal 
modulated thereon as affected by the unwant- 
ed distortion signals; 

e) removing the modulated RF signals from the 
modulated first and second optical carriers 
while preserving said predetermined relation- 
ship; and 

f) combining the modulated RF signals in a way 
which regenerates said RF signal based on 
said predetermined relationship while causing 
said distortion signals to be canceled. 



6 



BNSDOCID: <EP 1107487A1J > 




Fig. 2 
(Prior Art) 



BNSDOCIO. <EP 1 107487A1 J_> 




BNSDOCID: <E P 11074B7A1 I > 



8 




CO 



BNSDOCID: <EP 1 107487A1 _1_> 



9 



EP 1 107 487 A1 



J) 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Numbor 

EP 00 31 0524 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
ot relevant passages 



Ei> 0 528 225 A (GEN INSTRUMENT CORP) 
24 February 1993 (1993-02-24) 

* column 1, line 15 - line 32 * 

* column 2, line 20 - column 3, line 2 * 

* column 3, line 29 - column 4, line 16 * 

* column 4, line 58 - column 5, line 26 * 

* figures 1-3 * 

EP 0 403 991 A (HARMONIC LIGHTWAVES INC) 
27 December 1990 (1990-12-27) 

* page 4, line 24 - line 34 * 

* page 8, line 51 - line 53 * 

US 5 940 196 A (PIEHLER DAVID ET AL) 
17 August 1999 (1999-08-17) 

* Abstract * 

* column 2, line 11 - line 35 * 

* column 7, line 7 - line 54 * 

* figure 6A * 



Relevant 

to claim 



1-3,5-11 
4 



1-3,5-11 



The present search report has been drawn up for all claims 



THE HAGUE 



Oarte of completion <y the sejvcfi 

19 April 2001 



CATEGORY OF CITED DOCUMENTS 

X particularly retewan- if talmn atene 

V • partimlarty riHevan- it ayntined with another 

document ot the same category 
A : technological DocXgrajnd 

O : non-written disclosure 
P • irvMmerjialedocuiner.l 



CLASSIFICATION OF THE 
APPLICATION (lnt.CI.7) 



H04B10/18 
H04B10/12 



TECHNICAL FIELDS 
SEARCHED (IntCI 7) 



H048 



Carrasco Comes, N 



T theory or princiule underlying the invention 
E : earlier patent document, but pud shed on or 

after the fili-ig data 
D : document died ir tie application 
L : document cited for other reasons 



S : member of the same patent family. TcOTeiponcJ ng 
document 



10 



BNSDOCID: <EP 



_1107487Al_l_> 



EP 1 107 487 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 00 31 0524 



TMs annex Itt, fhe paten, Han.* ^ re^ng to th^d^-nts dted ,n the abov*-rnen,>onod European search ..port 

19-04-2001 



Patent document 
cited in search report 



Publication 
date 



Patent family 
inember(s) 



Publication 
date 



EP 0528225 A 



EP 0403991 A 



24-02-1993 



27-12-1990 



US 5940196 A 17-08-1999 



US 


5257124 A 


26-10-1993 


CA 


2075387 A 


16-02-1993 


JP 


5206952 A 


13-08-1993 


MX 


9204715 A 


01-02-1993 


NO 


923164 A 


16-02-1993 


US 


5253309 A 


12-10-1993 


AT 


175534 T 


15-01-1999 


CA 


1311525 A 


15-12-1992 


DE 


69032875 0 


18-02-1999 


DE 


69032875 T 


29-07-1999 


JP 


3184016 A 


12-08-1991 


NONE 



5. For more details about Oils annex : see Official Journal of the European Patent Office. No. 



11 



BNSDOCID: <EP 1 107487A1_I_> 




HIS PAGE BLMKjusRift 



